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? 1.1 Retinex???? (a)?????(b)????
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??? RGB? [7]????? r?g?b????
2.2.1 RGB??? HSV?????
????? V ????????
V = max(r; g; b): (2.1)






























; b = V ???:
(2.4)
????H < 0???? H ??? 2 ????????????????H 2 [0; 2)?S 2 [0; 1]?
V 2 [0; 1]????
2.2.2 ?? V ?????
RGB????? k ??????????????????
r0 = kr; (2.5)
g0 = kg; (2.6)
b0 = kb (2.7)
??????????? (2.5)?(2.7)?? (2.1)?(2.4)???????????HSV? (H 0; S 0; V 0)
??
H 0 = H; (2.8)
S 0 = S; (2.9)
V 0 = kV (2.10)
???????????????? (2.5)?(2.7)?????????H?S ?????V ????
?????????
2.3 CIEXYZ???
CIEXYZ??? [79]?????????CIE?? 1931?????????????? CIEXYZ
??????????????????????????????????????CIEXYZ??
?? 3?? XYZ??[0; 1]????????? RGB? [7]???????????????0B@XY
Z
1CA =






















CIELAB???? CIE 1976 Lab ??????????
Lab ??????? L?a?b ???
L = 116f(Y=Yn)  16; (2.13)
a = 500[f(X=Xn)  f(Y=Yn)]; (2.14)
b = 200[f(Y=Yn)  f(Z=Zn)] (2.15)
???????????
f(x) =
8<:x1=3; x > 0:008856;7:78x+ 16=116; x  0:008856 (2.16)
???????Xn?Yn?Zn??????????????????????????????Yn = 1
???????????????????????????????????Xn = 0:9505?Yn = 1?
Zn = 1:0891????
???Lab ????????? C ?
C =
p

























?? [12]?Jang ??????????????????? MSR ??????? [14]?????
?????? CIELAB?? [7]?????????????????????Terai??????
?MSR????????????????????????????????????????




















?????? c 2 fr; g; bg??????????? ~Rc ????????????




~Lc(x; y) = (G  Ic)(x; y); (3.3)









G(x; y)dxdy = 1 (3.5)





????? ???????????  ???????? ISSR ? SSR?????? [3]?
ISSRc (x; y) =  ~Rc(x; y) + : (3.6)












????N ??????????ISSRn;c ? n???????? SSR???????? c?????




wn = 1 (3.8)
??????
???? MSR ?????N = 3?w1 = w2 = w3 = 1=3 ????? 3.1 ?????????






























???? 3.2(b)?(c)????? 3.2(b)?(c)?? 3.2(a)???????????????????
?????????Jobson??????????MSR?MSR with color restoration??????
??? [4]???????????????????????????????? 3.2(d)????
Terai???? [16]?????? Y ???MSR???? Y 0 ???? k(x; y) = Y 0(x; y)=Y (x; y)
??????? RGB??? (2.5)?(2.7)?????????2.2????????????? V














? [11]?????????????????????? L?????? (3.1)?????????




? bilateral lter [6]????? bright-pass lter????????????????? [17]???
????????????????????????????????????????????









V (x; y) = L(x; y)R(x; y) (3.9)
???????????????? n?????????? ~Ln ?
~Ln(x; y) = (Gn  V )(x; y) (3.10)
??????????????? n??????? ~Rn ?
~Rn(x; y) =















f(x) = (1  x2) h(x) + x2  x; (3.14)
h(x) = 1  (1  x)1 (3.15)
??????????1 ? 2 ???????????????? L^??





??????? 3.3(a)????? f ????????????????????????????
????????????????????????????????????????????
????????????????????????
f(x)??h(x)? x????? 1   x2 ? x2 ??????????????????????
3.3(b)? h(x)??? x?????????x? 0?????????????????????
f(x)? h(x)?????????????????x? 1??????????????????





















? 3.3 ?????? (a) f ???1 = 15?2 = 0:2??(b) h???1 = 15?
 14 
3.2.3 ????
????????????? V 0 ?
V 0(x; y) = L^(x; y) ~R(x; y) (3.17)
????????? (x; y)???????? k(x; y)?
k(x; y) =
8<:0; V (x; y) = 0;V 0(x; y)=V (x; y); otherwise (3.18)
??????????????? I 0 ?
I 0c(x; y) = k(x; y)Ic(x; y) (3.19)
??????? 2.2 ???????????? H ????? S ???????????????
(r; g; b)? (H;S; V )?????????????? (H;S; V 0)? (r; g; b)???????????




?????Jobson ?? MSR [4] ???????? Wang ???? [17] ?????Jobson ??
MSR ????????? N = 3?(1; 2; 3) = (5; 25; 80)?w1 = w2 = w3 = 1=3? = 170?
 = 120????Wnag????????????????????????????? N = 3?
(1; 2; 3) = (5; 20;1)?w1 = w2 = w3 = 1=3?1 = 15?2 = 0:2???????3 =1???
(3.10)?????????~L3 ? V ???????????????
3.3.1 ??????












? 3.4 ?? shoe????? (a)?????(b) Jobson?????(c) Wang?????(d)????
































U(V (x; y); V (x0; y0)) U(V 0(x; y); V 0(x0; y0)); (3.21)
U(i; j) =




? 3.6 ?? parking????? (a)?????(b) Jobson?????(c) Wang?????(d)????
(a) (b)
(c) (d)
? 3.7 ?? parking???????? (a)?????(b) Jobson?????(c) Wang?????(d)????
????MW ??????MH ?????????????????????LOE??????
????????????????? (x; y)? (x0; y0)?????? V ????????????
????????????????????????????????????????????
 18 




girl 0.2663 0.0973 0.0970
parking 0.2097 0.0782 0.0549
























??????????? [32]????Tarel?? median lter [55]??????????????
??? [33]????bilateral lter?BF?[6]?????????????? [34, 35]. ?????










































???????????????????????????????????? I = (IR; IG; IB)
?????????????? Idark ????????????










(x)??????? x???  ???????????He
??????? = 15??????????????????????????????????
?????






(a) (b) (c) (d)
? 4.1 ????? Canon (a)????? (b)?? (a)???????? Idark15 ?(c)?? (a)????(d)?? (c)
???????? Idark15
????S ???????? Idark ?????? 0.1%???????????????????
? (4.4)??Idark ????????????????????? Y ??????????????
????????????????????????????????????????????
???????????
?????????? Canon?????????? Idark15 ?????? 4.1(a)? 4.1(b)????
? 4.1(c) ?? 4.1(a) ??????????????????? 4.1(d) ?? 4.1(c) ??????















? 4.2 He????????????? (a)??????Canon??(b)????
? 4.3 He????????? Canon??????
?????????? 4.3????? 4.4?? 4.2?????????????????????
4.4(c)?????????????????????????????????? 4.4(b)????
????????????????????????????????????????????
???He???????? (4.2)??????? J ??????????????J ????






? 4.4 ? 4.2??? 4.3???????? 4.2(b)??????????(a)??????(b)??????(c)????
4.2 ????
???????????????????????????????????????????






















(a) (b) (c) (d) (e)
? 4.5 ? 4.2??? 4.3???????? 4.2(b)?????????? (a)??????(b) He???????
?????(c) He ???????????(d) ????? ~t ??????????(e) ????? t^ ??????
??
(a) (b)





















0; f(~t(x)) < 0;
f(~t(x)); 0  f(~t(x))  1;
1; otherwise;
(4.6)
f(x) = (   )x+  (4.7)
????????????? t^????????f ????????????????????
?  ?????????????   ??????  ??????????????????
??????????????????????  ????? 0?1????t^? ~t???????







































????????d(x; y)??? x? y?????????????0????????????1
? 2 ??????????????????????????B(t^)?????????????
??????????B(t^; x)??? x????? B(t^)??????? (4.8)?????????
???????? BF??? 2????
4.2.4 ????
?????????????? (4.4)????  = 15?????????????A15 ????


































????????P ? Q ????????????????P in ? P out ??????????
???????????hi?????????????????????????? x????
P in(x)??????hP ini?










???????He???? [5]??????? [34]??????? [35]?????t0 ?????
???? 0.1 ????????????????????????????? 0 = 13?1 = 2?
















????????? 4.9(a)? ~t????????????????????? 4.9(b)??????
????? t^??????????????????????????????????????
?? ??  ??????????????????????????????????? ?
 ?????????
? 4.10?? 4.4????????? 4.2(b)???????????????????????
????????????? t^???????????????????????
4.4.3 ????????





??? 4.12(b)??????? 4.12(a)????????? 4.12(c)? t^????????????
 30 
(a) (b)
? 4.9 ???????? (a) ~t???????(b) ????????? t^???????(; ) = ( 0:1; 1:4)?
(a) (b)
? 4.10 ? 4.4??????? (a)????? t^?(b) t^??????
(a) (b) (c) (d)
? 4.11 ???????????????? (a)??????train??(b)??????????????(c)??




(a) (b) (c) (d) (e)
? 4.12 ???????????????????????????????(; ) = (0:00; 0:95)?(a)?????
?people??(b) (a)????(c) t^????????????????(d) t???????(0; 1; 2) = (3; 0:3; 0:13)??
(e) t???????(0; 1; 2) = (13; 2; 0:13)?
? 4.1 ?????????????????
??? HSV XYZ Lab
??? V Y L
???? S  C
? 4.13 ???? road
4.4.4 ?????????
????????????????????????????????? 4.1????????
??e(V; S)?e(Y; S)?e(L; C)??????????????????? ??  ??????
????????????????????????????????????????????
?????? e???????????
???? 4.13 ?????? road ???????????????? ? [ 0:5; 1:0]? ?
[0:0; 1:5] ???? 0.1 ??????????? e(V; S)?e(Y; S)?e(L; C) ????????
4.14(a)?(c)???????????????????????????????3??? e??
??????????? (; )?????? (0:0; 1:1)?(0:2; 0:9)?(0:0; 1:5)????e(L; C)?
?????????  > 1:5??????????????? ???????? [0; 1]????
??????????????????????????(; ) = (0:2; 0:9)??????????





? 4.14 ??????? road????????????????????? (a) e(V; S)?(b) e(Y; S)?(c) e(L; C)
????????????????e(L; C)????????? (; ) = (0:0; 1:5)??????
??????? 4.16????
? 4.15????????e(V; S)???????????????????road???????
??????????????? V ????? (2.1)?????????????V ? RGB???




?????????????????????CIELAB????????? L ??? C ???
? e(L; C)???????????????????????? 4.16????????e(L; C)
????????????????????????????????????????????
 33 
(0:0; 0:7) (0:0; 0:8) (0:0; 0:9) (0:0; 1:0) (0:0; 1:1)
(0:1; 0:7) (0:1; 0:8) (0:1; 0:9) (0:1; 1:0) (0:1; 1:1)
(0:2; 0:7) (0:2; 0:8) (0:2; 0:9) (0:2; 1:0) (0:2; 1:1)
(0:3; 0:7) (0:3; 0:8) (0:3; 0:9) (0:3; 1:0) (0:3; 1:1)
(0:4; 0:7) (0:4; 0:8) (0:4; 0:9) (0:4; 1:0) (0:4; 1:1)
? 4.15 ??????? road????????????????? (; )??????
? 4.16 ??????? road?????????(; ) = (0:0; 1:5)?
????????e(L; C)????????????????????????
?????????????? 4.17?house???? 4.18?Tiananmen?????(a)?????
???(b)?(c)????? e(V; S)?e(Y; S)???????????????? 4.17(b)?(c)???
????????????????????????????? 4.18??e(V; S)??? e(Y; S)?
 34 
(a) (b) (c)
? 4.17 ????????? house???????? (a)????(b) e(V; S)????????????(; ) =
(0:0; 1:0)??(c) e(Y; S)????????????(; ) = ( 0:1; 1:0)?
(a) (b) (c)
? 4.18 ????????? Tiananmen ???????? (a) ????(b) e(V; S) ???????????
?(; ) = ( 0:1; 1:0)??(c) e(Y; S)????????????(; ) = (0:6; 0:9)?
??????????? 4.18(c)??????????????? 4.17?? 4.18???? e(V; S)
? e(Y; S)?????????????????????????????????? e(Y; S)??
? e(V; S)???????????????
???house? Tiananmen??????e(L; C)????????????????????
4.19(a)? house???? e(L; C)?????????(; ) = (0:2; 1:2)?????? 1.01??
???????????????????????????????????????? 4.19(b)
? Tiananmen ???? e(L; C) ??????????????? 1.00 ??????????
?????(; ) = (1:0; 1:0)?????? (4.7)???????? t^????? 1???????
??? (4.2)???????? J = I ????? (4.13)??????? I ????? J ????
??? e = 1???? 6=  ???????????????????????? 4.19(b)???
??????????????????????????????????hLouti=hLini  1?





? 4.19 ?????????????????? e(L; C)????? (a) house?(b) Tiananmen
4.4.5 ?????????????
?????????????????????????????e(Y; S)??????????
??????????? He???? [5]??????? [34]?????? [35]?????????
t0 ????????? 0.1?????????????????????? ??  ??????
????? e(Y; S)????????????????
?? Canon???? train ????????????????? 4.20?? 4.21???????













(a) (b) (c) (d) (e)
? 4.20 ?? Canon??????????? (a)??????(b) He?????(c) ???????(d) ???
???(e)?????(; ) = ( 0:2; 0:9)?
(a) (b) (c)
(d) (e)
? 4.21 ?? train??????????? (a)??????(b) He?????(c)???????(d)????







??2.7 ??2.1 ??3.4 ????????????????????????????? Intel®
 37 
? 4.2 ?? Canon????????????
??
???????
He? ??? ?? ??
e(Y; S) 1.62 1.40 0.79 1.52
hY outi=hY ini 0.64 0.40 0.80 0.50
hSouti=hSini 2.55 3.45 1.00 3.02
? 4.3 ?? train????????????
??
???????
He? ??? ?? ??
e(Y; S) 2.24 1.39 0.81 2.33
hY outi=hY ini 0.62 0.18 0.20 0.55
hSouti=hSini 3.62 7.69 4.01 4.24
Core i7-3770 3.40 GHz??????????? 8.00 GBytes???????????????
?? 64-bit Windows 10????He????????????MATLAB® ?????????
???????????????? C??????????Microsoft Visual C++ 2010 Express
(version 10.0.40219.1 SP1Rel) ?????????He?? soft matting????? guided lter
??????? [57]??? [57]???600 400??????????guided lter??????
0.04?????soft matting ? 10?????????????????
?????????????3.4 ??????????????????????? 4.14 ?
? 4.19 ????????????? 256 ???????????????????????
 >  ??????????????????? 201 ???????????????????
 =  0:5; 0:4; : : : ; 1:0?  = ; + 0:1; : : : ; 1:5??????????????????????
?????????? 3:4 201  683??????????????~t????t^???? t??
??????????????????~t ???? t????BF??????????????
1.0 ? 2.4 ??????????????????????????????????t^ ????
?????????????e(Y; S)???????????????????????????
(; )???? ~t???????????????????????????? 4.21(e)????
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